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ABSTRACT 
Fowler's bacillus is one of several organisms which form a non-viable inclusion or parasporal 
body during  the  process of sporulation.  This  body  is globular  and  may  be as  large as or 
larger than  the spore.  Its  position  in  the cell is not random;  the spore is terminal  and  the 
body paracentral, lying between the spore and the remaining vegetative cell chromatin bod- 
ies. On completion of sporulation both spore and body are contained within an exosporium. 
The sequence in the development of the cell structures was followed in ultrathin sections of 
material  fixed in  permanganate.  When  sporulation  is  well  advanced  the body  begins  to 
grow from a  single crystal, then presumably as a result of some disorientation in the growth 
process it develops as a multicrystalline body with the lattices orientated at different angles. 
When  the  body  approximates  the spore  in size, a  lamella coat is formed  and  an  exospo- 
rium  develops  which  eventually  encircles  the body and  the spore.  Other lamella systems 
microscopically similar to those surrounding the parasporal  body develop free in  the  cyto- 
plasm  outside the exosporium.  In both of these systems the number of lamellae is variable. 
The  spore coat of Fowler's bacillus,  consisting  of an outer lamella layer and an inner un- 
resolved amorphous  layer has  been found microscopically identical  to the spore coat of B. 
cereus.  In both organisms the lamella layer of the spore coat consists, in contrast to the other 
lamella systems,  of a  regular  number  of lamellae.  Physiological  tests  would  indicate  that 
Fowler's bacillus is a  variety of B.  cereus. 
In  1952  Fowler and  Harrison  (1)  described  with 
accuracy  and  astonishing  brevity  the  chief char- 
acteristics  of  a  new  and  unique  bacillus :--"An 
aerobic  sporeforming  bacillus  closely  resembling 
Bacillus cereus in its size, growth, spore germination 
pattern  and  biochemical  tests,  has  been  isolated 
which  during  sporulation  develops  an  extra,  less 
refractile globular  body that  adheres  to the spore 
throughout its subsequent germination and, having 
taken  no  visible  part  in  germination,  often  re- 
mains  attached  to  the  shed  spore  coat."  This 
description  would  place  Fowler's  bacillus  among 
those bacilli developing inclusions and incidentally 
relate  it  to  the  other  inclusion-forming  member 
of the B.  cereus group,  B.  thuringiensis,  which  form 
octahedral  protein  crystals  during  sporulation 
(2,  3). 
Our  original  intention  was  not  to  study  the 
development  of  the  parasporal  body  during  the 
process  of  sporulation  but  to  examine  it  when 
sporulation  was  complete.  However,  with  the 
light  microscope  it  was  found  that  the  staining 
properties  of the  body  changed  on  completion of 
sporulation;  and  an  examination  of  ultrathin 
sections  with  the  electron  microscope  revealed 
that  the  cells  contained,  for  bacteria,  an  unex- 
pected wealth of structure.  These two observations 
emphasized  both  the  necessity  of  studying  the 
sequence  of  events  and  the  advisability  of  first 
describing  the  observed  structures.  This  paper 
describes  Fowler's  bacillus  at  a  time  when  the 
variety  of  structures  is  greatest,  namely  when 
sporulation  and  parasporal  body  formation  is 
almost  complete  and  the  cell  cytoplasm  has  not 
yet lysed. To make the  description  of the  bacillus 
more  complete  a  concise  bacteriological  descrip- 
tion  has  been  added  in  the form of an  appendix. 
MATERIALS  AND  METIIODS 
The  observations reported  in  this  paper  were  made 
on a strain of the bacillus supplied by Dr.  Elizabeth 
Fowler. 
285 Preparatory Techniques  for Light and Electron 
Microscopy 
(a)  Sporulation."  The  bacillus  was  grown  on  agar 
medium at 32 ° for the length of time indicated in the 
text.  The composition of the medium was as follows: 
Lactalbumin  hydrolysate  (enzymic)  4.0  gm.;  KCI 
0.25 gm. ; NaCI 0.25 gm. ; KH.oPO4 0.25 gm. ; vitamin 
mixture (see below) 10 ml.; metal mixture (see below) 
10  ml.;  agar  (Difco  Noble)  15  gm.;  distilled  water 
1000  ml. After dissolving the ingredients the pH was 
adjusted to 6.5.  The metal mixture was composed of: 
MnSO4.H20  0.308  gm.;  FeSO4.7H20  0.1  gm.; 
CaCI2 0.055  gm.; ZnSO4.7H20  0.088  gm. ; CuSO4. 
5H20  0.004  gm.;  COSO4.7H20  0.0047  gm.; 
(NH4)6MorO24.4H20  0.018  gm.;  versenol  0.3  ml.; 
N/1  HCI  1 ml.; distilled  water  100  ml.  The vitamin 
mixture  was  composed  of:  Adenylic  acid  0.1  gm.; 
n-biotin 0.01  grn.; choline chloride 0.2  gm.; inosine 
0.268  gin.;  nicotinamide  0.5  gin.;  pyridoxal  HC1 
0.2  gin.;  pyridoxamine  dihydrochloride  0.2  gm.; 
riboflavin 0.02  gm.; thiamin  hydrochloride 0.2  gm.; 
distilled  water  1000  ml.  The  vitamin  mixture  was 
designed  to  form  an  inclusive  mixture  for  all  our 
strains of B. cereus and its variants; the metal mixture 
on  the  other  hand  was  designed  especially  for  this 
medium  and  Fowler's  bacillus.  Some  comment 
should  perhaps  be  made  on  the  incorporation  of 
choline  chloride  in  this  vitamin  mixture.  When  a 
synthetic  medium  was  inoculated  with  a  small 
number of spores from certain  strains  of B.  mycoides 
there was a  marked growth lag.  This lag completely 
disappeared  after  the  addition  of  choline  chloride 
at  a  concentration  of 0.01  to  0.1  /~g./ml. 
(b)  Staining--Hydrolysed  Preparations'."  Smear  prepa- 
rations were made on coverslips, fixed in the vapours 
of osmium tetroxide  and  hydrolysed  in  1-N  HCI  at 
60 °  for  8  minutes,  rinsed  in  distilled  water,  and 
stained.  Giemsa  stain.  Preparations were stained  in  a 
1/10 dilution of Giemsa in M/30 phosphate buffer pH 
7.2  for  30  minutes.  After  rinsing,  the  preparations 
were  mounted  in  water  without  differentiation. 
Azure A.  As the  Feulgen  technique  stains chromatin 
but  faintly,  Huebschman's  (4)  technique  with 
azure A was used. The preparations were stained after 
hydrolysis in a mixture of 50 ml. of 2 per cent aqueous 
FIGURE  1 
Photomicrograph of a  4  hour culture of Fowler's bacillus stained with Hale's cell  wall 
stain. The short chains of cylindrical cells are typical of most bacilli.  X  3,600. 
FIGURE 
Photomicrograph  of  a  16  hour  culture,  air-dried  on  a  coverslip,  and  stained  with 
dilute  basic fuchsin. The cytoplasm has stained  heavily but neither the spore nor the 
globular parasporal body have stained.  X  3,600. 
FIGURE 3 
Photomicrograph of a 48 hour culture, air dried on a coverslip and stained with dilute 
fuchsin.  Sporulation is  complete,  the  cytoplasm has disintegrated  and  the  spore and 
parasporal body are retained in the exosporium. With the increase in incubation time a 
change has taken place in the parasporal body permitting it to stain intensely  X  3,600. 
FIGURE  4 
Photomicrograph of a  16  hour culture,  the same culture from which  Fig.  2  was pre- 
pared,  fixed in the vapour of osmium tetroxide,  hydrolysed in dilute  acid  at  60 °,  and 
stained with Giemsa without subsequent differentiation.  The spore nucleus  (s n),  the 
parasporal body  (p),  and the remaining nuclei  of the  vegetative cell  (r n)  are stained. 
The parasporal body now stains readily after acid  hydrolysis.  X  4,500. 
FIGURE  5 
Photomicrograph of a sister preparation to Figs. 2 and 4, fixed in the vapour of osmium 
tetroxide,  hydrolysed with dilute  acid  at  60 °, stained with azure A  and differentiated 
with sulfurous acid.  The spore nucleus  (s n)  and  the remaining vegetative cell  nuclei 
(r n)  are stained  but no chromatin body is  demonstrable in the  parasporal  body  (p). 
X  4,500. 
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NaHSO4,  and  3  ml.  of N/1  HC1  for  2  hours.  The 
preparations were then rinsed in dilute sulfurous acid 
followed  by  distilled  water  and  finally mounted  in 
water.  Unhydrolysed Preparations. Smear  preparations 
on  coverslips  were  air  dried,  stained  with  0.02  per 
cent  basic  fuchsin,  rinsed,  and  mounted  in  water. 
For cell wall preparations Hale's method was used (6). 
(c) Light  Microscopy."  As  previously  described  (7). 
(d)  Fixation  and Embedding:  The  bacilli  were  fixed 
at  2 ° for  6  hours  in  a  2  per  cent KMnO4  solution 
(Tokuyasa and Yamada,  8),  modified by adding 0.4 
per cent CaC12  (w/v); washed in distilled water con- 
taining calcium chloride; and dehydrated in increas- 
ing concentrations of acetone, followed by increasing 
concentrations of methacrylate in acetone. To obtain 
a  hard block the bacilli were finally embedded in a 
30:70 mixture of butyl and ethyl methacrylate. 
(e)  Electron  Microscopy:  Sections  were  cut  on  a 
Porter-Blum microtome with a  Venezuelan diamond 
knife obtained from Dr. Marcel Roche; flattened with 
toluene vapours ; and picked up on grids covered with 
thin formvar films which had been lightly coated with 
carbon.  The  sections  were  examined  in  an  RCA- 
EMU-3D  microscope  equipped  with  a  5  mil  con- 
denser aperture  and  a  4  rail objective aperture.  An 
accelerating voltage of 50 kv. was used. The pictures 
were  taken  at  an  initial  magnification  of  either 
16,000 or 32,000. The microscope was calibrated with 
a  carbon replica of a  diffraction grating. 
OBSERVATIONS  ON  MORPHOLOGY 
When  the  spores  of Fowler's  bacillus  are  spread 
on  the surface  of a  nutrient agar  plate  at  a  con- 
centration to give confluent growth, the growth as 
it ages assumes the typical moth-eaten appearance 
of  a  phage-ridden  culture.  This  characteristic  of 
lysis which is shared by another inclusion-forming 
organism,  B.  medusa  isolated  by  Robinow  and 
referred  to  by Hannay  (9),  made  cytological  ob- 
servations  during  sporulation  somewhat  hap- 
hazard.  As  we  were  mainly  concerned  with  the 
parasporal bodies, neither organism was examined 
for  lysogeny  and  a  single  medium  was  devised 
which  would  both  suppress  the  tendency  to 
plaque  formation  and  provide  for  synchronous 
sporulation and development of parasporal bodies. 
The  growth  on  this  medium  has  been  entirely 
satisfactory for cytological studies of either organ- 
ism.  There  was  no  trouble  when  young  spores 
were  used  as  inoculum,  but  plaques  appeared 
when  old  spores  were  used.  Satisfactory  cultures 
were obtained by plating out on the same medium 
and  picking  from  any  colony. 
On  this  medium  the  parasporal  bodies  of 
Fowler's  bacillus are formed during the course of 
sporulation and appear with the light microscope 
as refractile globular bodies.  In the  later stages  of 
sporulation  just  before  completion  both  the 
parasporal bodies and the spores fail to stain with 
dilute  fuchsin  (Fig.  2),  but  when  sporulation  is 
complete  and  the  cell  cytoplasm  has  lysed  the 
bodies  undergo  a  change  and,  in  contrast  to  the 
spores,  they  now  stain  readily  (Fig.  3).  This 
change  in  staining  properties  presages  a  general 
deterioration on continued incubation; the bodies 
steadily  lose  their  substance  and  ability  to  take 
up  basic  dyes.  The  remnants  of  the  bodies  are, 
however,  still  retained  with  the  intact  spores  in 
the exosporia. 
The cells were examined more closely with the 
light  and  electron  microscope  at  the  stage  of 
growth when sporulation was nearly complete but 
before the cytoplasm had undergone lysis and the 
parasporal  bodies  had  changed  their  staining 
characteristics.  When  preparations  were  hydro- 
lysed  with  dilute  hydrochloric  acid  and  stained 
with  Giemsa  but  not  differentiated  (Fig.  4),  the 
spore nucleus  (s n),  the  parasporal  body  (p),  and 
the remaining nuclei of the cell  (r n)  were  stained. 
FIGURE 6 
A  longitudinal section  of a  sporing  cell  during  the  early stages  of parasporal  body 
development. The spore including the spore protoplast (spr) and spore wails (s w) have 
formed but the parasporal body (p b) is still immature. A lattice structure is illustrated 
in the top half of the body.  X  45,000. 
FIGURE  7 
A  section of a  cell in which the parasporal  body is more fully developed.  The para- 
sporal body (p b) now has a wall (p w) surrounding it. A membrane fin) or exosporium 
encircling  both  the  spore  and  parasporal  body  has  developed  in  the  cyto- 
plasm,  X  45,000. 
288  TIlE JOURNAL OF  BIOPHYSICAL AND  BIOCHEMICAL CYTOLOGY • VOLUME .[), ]961 C.  L.  HANNAY  Fowler's  Bacillus  289 In  each  cell  the  spore  is  the  terminal  body  and 
the inclusion which is apparently formed between 
the spore and the cell nuclei is subcentral. On the 
basis  of  this  observation  the  development  of  the 
spore and  the  body can  be followed  in  unstained 
preparations.  The  azure  A/SO2  stain  fails  to 
reveal  any  chromatin  in  the  parasporal  body 
(Fig.  5). 
The  number  of  parasporal  bodies  formed  in 
each  cell  varies,  one  is  usual,  two  uncommon, 
and  three  rare.  This variability is similar  to  that 
found  by  Steinhaus  for  the  diamond-shaped 
inclusion  of  B.  thuringiensis  (10). 
In electron micrographs of sectioned cells it was 
lound that the synchronization of sporulation was 
so  close  that  there  was  no  detectable  difference 
between  the  spores  in  different  cells.  The  same 
degree  of synchronization was  not evident  in  the 
development  of  the  parasporal  bodies  but  even 
here  the  extremes  were  not  widely  separated.  A 
micrograph  of  the  earliest  stage  found  in  this 
preparation  is  illustrated  in  Fig.  6.  The  spore 
protoplast  is surrounded  by  the spore  wall  (s  w), 
(spore  wall  is  used  to  describe  what  previous 
writers  have  called  the  spore  coat:  the  layers  of 
material  outside  of  the  unstained  transparent 
spore  cortex),  and  the  parasporal  body  (p  b), 
part of which exhibits a  lattice structure,  lies in a 
granular  cytoplasm.  In  the  next  stage  (Fig.  7) 
the  most common  one  found  in  this preparation, 
the  parasporal  body  is  covered  by  a  parasporal 
body wall (p w)  and the body and spore appear to 
be jointly enclcsed  by  a  membrane  (m)  which  is 
first clearly seen in Fig.  7.  The general geography 
of  the  structures  to  be  found  with  the  electron 
microscope  are  illustrated  by  a  longitudinal  sec- 
tion  through  a  single  cell  (Fig.  8).  The  cell  con- 
tains  two  globular  bodies,  the  spore  in  the  top 
half of the picture and the parasporal  body in the 
lower half. The two bodies are not joined together 
but  are  enclosed  in  the  single  common,  loose, 
continuous membrane  (m)just referred  to,  which 
separates  them  from  most  of  the  cell  cytoplasm. 
The  spore  wall  in  contrast  to  the  transparent 
cortex  is  electron  opaque  and  has  two  parts,  an 
inner  dense  unresolved  layer,  and  an  outer  re- 
solved  lamella  system.  With  the  electron  micro- 
scope  the  shape  of  the  parasporal  body  is  more 
polyhedral than spherical and consists of a multiple 
crystalline  body  with  the  lattices  of  the  crystals 
orientated  at  different  angles.  For  convenience 
this  lattice  structure  has  been  called  crystalline, 
bearing in mind that it is being used as an explana- 
tion  for  an  observed  repetitive  structure  and  not 
as a description of an established fact. The  crystal- 
line body is surrounded by a  closely fitting lamella 
wall  (p  w).  In  the  cytoplasm  outside  the  spore- 
parasporal  body  enclosure,  there  are  several 
membrane  systems  (m  s)  which  contain  patches 
of a  dense  material,  and  in  the  top left corner  of 
the micrograph there is a  second small body show- 
ing a  lattice structure similar to  that found in the 
large  parasporal  body.  This  second  body  is  not 
enclosed in any membranes. 
In Fig. 9 the inner dense layer of the wall of the 
spore  of  the  previous  figure  shows  no  definite 
structure upon further enlargement, but the outer 
lamella  coat  is  now  clearly  defined  as  a  layer  of 
alternating  dark  and  light  bands.  The  measure- 
ment  from  centre  to  centre  of  the  dark  bands  is 
approximately  50  to  60  A  and  the  width  of  a 
single  band  25  to  35  A.  The  parasporal  body  is 
surrounded by a  similar lamella wall (p w). 
The  only  difference  observed  between  these 
two systems has been in the number of lamella in 
each wall;  no  more  than three have been seen in 
the  spore  wall  but  the  number  in  that  of  the 
mature  parasporal  body has varied  from three  to 
nine. The third membrane system (m s) is likewise 
a  lamella  system,  but  instead  of acting  as  a  coat 
around  a  relatively  solid  looking  structure  it  is 
found free in the cytoplasm (Figs.  10 and  11). The 
FIGURE 
Electron  micrograph  of  a  longitudinal  section  through  a  sporing  cell  at  the  same 
stage of development as the cells illustrated in the photomicrographs of Figs. 2,  4, and 
5.  For description see text.  X  71,000. 
/ 5, lattice structure  s c, spore cortex 
m, membrane  s pr,  spore protopla'~t 
m s, membranous structure  s w, spore wall 
p  b, parasporal body  v c cyt,  vegetative cell cytoplasm 
p  w, parasporal body wall  v c w, vegetative cell wall 
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those in the other two systems.  These cytoplasmic 
membrane  systems  often  contain  within  their 
boundaries  coils  of  strands  measuring  in  width 
about 30 A  or  less  (Fig.  11).  The  lamellae  in  the 
spore wall, the parasporal body, and the cytoplasm 
appear  to  be  essentially  membrane  systems  and 
quite  different  from  the  single  membrane  (m) 
encircling  the  spore  and  the  parasporal  body 
(Figs.  8  and  10).  The width  of this membrane  is 
60 to  70 A  as against 25 to 35 A  for the individual 
dark bands of the lamella system. 
There is a  curious feature about the occurrence 
of this membrane.  When  there are  several  bodies 
in  a  cell  the  enclosing  membrane  (m)  only  en- 
circles the spore and the nearest body,  the second 
inclusion  is  usually  enclosed  quite  independently 
in  its  own  continuous  membrane.  In  Fig.  10 
there is some  indication that this membrane may 
be  double.  In  all  instances  this  membrane  en- 
closes some cytoplasm  (Figs.  9  and  10).  The cyto- 
plasmic  membrane,  that  is  the  membrane  under 
tile  cell  wall  enclosing  all  of  the  cytoplasm,  has 
not  been  as  visible in  this embedding  as  the  en- 
circling membrane  (m),  but there  are  indications 
of its existence  in  Fig.  8,  particularly  on  the  left 
side of the micrograph  and in  the enlargement of 
that area in Fig.  11. 
In  general,  the  parasporal  bodies  are  asym- 
metrical,  polyhedral,  and  composed  of  several 
crystals.  In Fig.  12 the multiple crystalline nature 
of the body  is shown with greater  clarity  than  in 
Fig.  g.  The irregularity of the crystal shapes com- 
prising  the  parasporal  body  in  Fig.  12  and  the 
lack  of  order  in  their  arrangement  is  typical  of 
most parasporal bodies found in this organism.  In 
sections  of the  earliest  stage  of crystal  formation 
the  body  is  apparently  a  single  crystal  (Fig.  10) 
then,  as  it enlarges it  becomes multicrystalline in 
appearance  (Figs.  6  to  8).  Crystallization  of 
biological material in this manner is unusual, and 
it  is  evident  that  the  "natural"  form  of  a  single 
crystal cannot be deduced from these micrographs. 
A  search  was  made  for  a  parasporal  body  cmn- 
posed  of  one  crystal  but  none  was  found,  the 
closest  being  composed  of  two  separate  but  ad- 
joining  crystals.  These  in  section  were  squarish 
with rounded corners and a  lattice ran diagonally 
across  the  crystal.  The  lattice  structure  in  the 
parasporal  bodies  is  of  macromolecular  propor- 
tions ranging from 75 to  110 A, a  spread in values 
which is  at  least  in  part  accounted for  by differ- 
ences  both  in  section  thickness  and  in  the  angle 
at  which  the  structures  were  cut.  No  satisfactory 
cross-section was obtained from which the spatial 
relationship  of  the  macromolecules  could  be 
determined. 
In the absence of essential information there are 
alternative explanations for the appearance of the 
body.  It  may  be  regarded  as  a  crystal  in  which 
disorientation  during  the  growth  process  has  led 
to  the lattice developing in different directions or 
as  a  non-crystalline  body  in  which  the  semi- 
orderly packing of regular preformed units confers 
on  it  the  appearance  of  a  crystal.  The  second 
alternative  is  analogous  to  the  packing  of  virus 
particles in cells. 
In  micrographs  of  some  parasporal  bodies 
(Fig.  9)  there  are  diffuse  opaque  areas  (0  a) 
immediately  beneath  the  wall,  in  other  micro- 
graphs  these  opaque  areas  are  confined  to  the 
interfaces  of  adjoining  crystals;  and  finally  in 
FIGURE 9 
Higher magnification of the left central area of Fig.  6. The spore protoplast  (s pr)  and 
the unstained transparent spore cortex (s c) are not differentiated  into their components 
and  the  protoplast  membrane which has been  sectioned  at  an  oblique  angle barely 
shows. The dense inner layer of the spore wall system (s w) is unresolved, but the outer 
lamella layer is clearly defined into alternating dark  and light bands.  In this section 
the dark bands measure from centre to centre about 55 to 60 A. The parasporal body 
wall  (p  w)  is  similar in  appearance  to  the  lamella layer  of the spore  wall.  Directly 
beneath the wall  is  a  diffuse  opaque  area  (0  a)  which spreads  into the  body  at  the 
juncture  of the  two  crystal  lattice structures  (l s).  The  cytoplasm  contained  by  the 
membrane  (m)  and  the  vegetative cell  cytoplasm  (v  c cyt)  appear  similar,  i.e.  of an 
indefinite granular composition.  N  200,000. 
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This  variability  may  indicate  either  a  loss  of 
material  from  the  parasporal  bodies  during  fixa- 
tion  or  variations  in  the  fixing  properties  of 
permanganate. 
Bacilli fixed with permanganate looked different 
from  those  fixed  with  osmium  tetroxide.  With 
osmium  fixation  the  lamellae  of  the  membrane 
complexes were  barely discernible,  but if the sec- 
tions were  subsequently stained  with  solutions  of 
heavy metals or with a  solution of permanganate 
the  lamellae  became  as  distinct  as  those  seen  in 
permanganate-fixed  material.  The  contrast  in 
behaviour of the parasporal  body on osmium and 
permanganate  fixation was more  dramatic.  With 
osmium fixation the body was evenly stained with- 
out  hint  of  any  organised  structures,  but  with 
permanganate fixation a  lattice was apparent. 
DISCUSSION 
As  the  parasporal  bodies are  formed  only during 
sporulation  this  process  would  appear  to  be  a 
maior factor in  their appearance  in  the  cell.  The 
obvious view that  the  bodies may  be an  abortive 
form  of spore  derives  no  support  from  their  fine 
structure.  In many instances, protein crystals have 
been shown to harbour or occlude virus particles: 
there is  no evidence that this is true  of the  inclu- 
sions  in  Fowler's  bacillus.  The  presence  of  para- 
sporal  bodies  in  any  bacillus  is  an  unsolved 
enigma. 
Permanganate is commonly thought of as being 
a  useful fixative in the delineation of membranous 
structures  and  for  the  preservation  of such  com- 
pounds as glycogen,  but it has not been noted for 
its efficacy in  illuminating the lattice structure  of 
protein  inclusions.  Bergold  and  Suter  (11)  found 
that they could resolve the molecular lattice of the 
nuclear  polyhedral inclusion  bodies after osmium 
fixation  or  even  with  no  fixation  at  all,  but  not 
after  permanganate.  With  the  protein  crystal  of 
B.  thuringiensis  we  have been unable to  show  any 
difference between the effects of the two  fixatives, 
neither  of  which  reveals  a  lattice  structure.  The 
reaction  of  permanganate  with  the  parasporal 
body of Fowler's bacillus is at the moment unique 
and  suggests  that  the  body  contains  at  least  one 
substance  which  is  unlikely  to  be  a  protein.  A 
chemical  analysis of the  bodies,  quite  apart  from 
its intrinsic value,  will  throw further light on  the 
properties of permanganate as a  fixative. 
The  position  of the  parasporal  body  in  the cell 
is not a  random one; the body is always paracen- 
tral  and  the  spore  terminal.  When  two  bodies 
instead of one are formed,  the first is in  the usual 
position and the second may lie either adjacent to 
the  first,  or,  as in Fig.  8,  on  the other side  of the 
spore.  The  observation  that  the second  body  can 
be  formed  at  some  distance  from  the  spore  em- 
phasizes  the  necessity  for  caution  in  relating  the 
formation of both bodies directly to the formation 
of  the  single  spore.  A  factor  common  to  both 
might be the chromatin bodies,  but unfortunately 
the  chromatin  bodies  were  not  preserved  in  the 
embedding  for  the  electron  microscope  and  the 
position of the chromatin bodies in relation to any 
ultrafine structure in the cell was not established. 
That  the  presumably  inert  parasporal  body 
should  be  covered  by  a  lamella  wall  is  puzzling. 
As far as can be judged from our micrographs the 
wall  is  laid  down  in  situ  and  is  not  a  fortuitous 
FIGURE 10 
Higher magnification of top left area of Fig.  6.  The lattice structure  (/s) of the small 
immature crystal is  not separated  from the cell cytoplasm by  any membrane system 
but appears in fact to blend into it. The free membrane systems (m s) seem similar to 
those of the spore wall (s w) and the parasporal body illustrated in the previous picture, 
but not identical with the membrane (m) which encloses both the spore and the large 
parasporal body.  X  200,000. 
FIGITRE 11 
Higher magnification of the lower right area of Fig. 6. Tile dense areas bounded by the 
myelin-like figures  of the  membrane systems  (m s)  consist of electron opaque  coiled 
strands  (c)  of 30 A  or less.  >( 200,000. 
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In this picture the multiple crystalline nature of the parasporal body is shown with greater clarity than 
in  the  previous  electron  micrographs.  The  crystals  exhibit  a  marked  irregularity  in  shape  and  a 
randomness  in position.  Underfocused picture.  X  ca  142,000. 
plating  by  preformed  cytoplasmic  membrane 
systems.  On  no  occasion  have  the  cytoplasmic 
membrane  systems  been  found  in  the  cytoplasm 
enclosed  by  the  "m"  membrane  system  or  exo- 
sporium.  The  lack of free  cytoplasmic  membrane 
systems  within  the  exosporium  would  be  ac- 
counted  for  if the  lamellae of the  body  wall  and 
the  membrane  systems  outside  the  exosporium 
were of identical  material,  and  this  material  had 
marked affinity for the parasporal  body. Although 
the  number  of membrane  systems  to  be  found  in 
this type of organism is limited, there is confusion; 
a  confusion  engendered  by  the  use  of  different 
fixatives,  postfixation  staining,  and  embedding 
media.  Despite  the  fact  that  they  appear  to  be 
different,  the  membrane  systems  in  Fowler's 
bacillus  may  be  similar  to  the  chondrioids  found 
in  bacteria  fixed  according  to  the  method  of 
Ryter  and  Kellenberger  (12).  In  Fowler's 
bacillus  the  cytoplasmic  lamellae  are  smooth, 
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coils  throughout  relatively  large  areas  of  the 
cytoplasm.  In  chondrioids  the  membranes  are 
usually  rough  looking,  paired,  and  often  in  the 
form of discrete bodies (12-14). 
There  is an association  between the  parasporal 
body  and the  m  membrane.  The  m  membrane is 
formed  in  the  cytoplasm  and  encircles  the  spore 
and  the  parasporal  body.  After  sporulation  the 
cell  cytoplasm  and  the  cell  walls  disintegrate, 
leaving  the spore  and  body contained within  the 
resistant  m  membrane.  This  membrane  appears 
to be identical with the membrane seen in sections 
of the B. cereus variant, B. thuringiensis, Hannay (9), 
and identified  by Fitz-James  and Young  (15),  as 
the  exosporium  seen  loosely  enclosing  the  free 
spores  of  all  members  of  the  B.  cereus  group  of 
organisms.  There  is,  however,  an  interesting 
difference  between  the  relationship  of  the  exo- 
sporium and  the inclusions in  the  two  organisms, 
Fowler's  bacillus and B.  thuringiensis.  In  the three 
best  known  strains  of  B.  thuringiensis,  alesti,  thur- 
ingiensis,  and  sotto,  the  exosporium  encircles  the 
spore but does not enclose the octahedral  protein 
crystals  which  accompany  the  spores  of  these 
organisms.  In  Fowler's  bacillus  the  exosporium 
encircles  the  inclusion  and  the  spore.  The  rela- 
tionship  of  spore,  inclusion,  and  exosporium  is 
further  confused  in  Fowler's  bacillus  by  the 
observation  that  if  there  is  a  second  parasporal 
body  it  is  independently  enclosed  in  its  own 
separate exosporium.  In stimulating the formation 
of an exosporium the second body is acting like a 
spore. 
The  lamella complexes of the spore coat,  para- 
sporal  body,  and the cytoplasmic  membrane  sys- 
tems  are  microscopically  similar  and,  except  for 
the difference in their width,  are  identical  to  the 
lamellae  first discovered  and  described  by  Toku- 
yasu  and  Yamada  (16)  in  the  spore  coats  of B. 
subtilis.  Our  measurements  of 25  to  35  A  for  the 
lamellae  of  the  three  systems  are  sufficiently 
higher  than  the  20  to  25  A  obtained  by  the 
Japanese  workers  to  suggest  that  there  must 
either be a  real difference or a  consistent error in 
our microscopy.  We intend to settle this point by 
making a  comparison of the organisms within each 
group.  There  has  been  no  indication  that  the 
alternating light and dark  bands represent layers 
of  material  with  different  electron  opacity,  but 
the possibility has not been excluded. Whereas the 
number  of lamellae  in  the  parasporal  body  wall 
and the cytoplasmic membrane complex is highly 
variable,  the  number in  the spore coat varies far 
less and is perhaps representative of the particular 
bacillus species.  The  evidence  is  inadequate  but 
suggestive;  Tokuyasa  and  Yamada  found  5  to  8 
in the the spore coat of B.  subtilis and in Fowler's 
bacillus  we  found  2  to  3.  The  spore  coats  of 
Fowler's bacillus and of B.  cereus are similar. 
I  wish  to  express  my  appreciation  of  the  careful 
technical  assistance  of  Miss  Judith  Elliott  in  the 
preparations  for  microscopy  and  the  physiological 
tests, and of Mr. B. F. Wallace for his work on media. 
APPENDIX 
GENERAL  BACTERIOLOGICAL  DESCRIPTION  OF  FOWLER'S  BACILLUS 
Unless stated  otherwise  the  physiological  tests were 
made  according  to  the  methods  of Smith,  Gordon, 
and  Clarke  (17). 
Rod~:  1 to  1.8 by 4  to 8 microns, usually occurring 
in short chains. The ends of adjacent cells are square 
and the free ends round  (Fig.  1).  Not  encapsulated. 
Non-motile.  Gram-positive. 
Spores:  varying  from  oval  to  spherical,  terminal, 
averaging  1  by  1  to  2  microns.  Spore  wails  stain 
lightly.  Spore  retained  in  exosporium.  The  spore 
wails are similar to those of B. cereus and are composed 
of  an  inner  electron  opaque  layer  and  an  outer 
lamella layer consisting of two to three lamellae. 
Sporangium:  not definitely swollen.  During  sporula- 
tion there is formed paraeentrally in each cell one or 
more  refractile,  globular  parasporal  bodies  which 
ultimately grow  to  a  size  equal to,  or greater than, 
that of the spore. The parasporal  bodies are crystal- 
line inclusions covered by a  lamella wall.  No  direct 
structural  connection  has  been  found  between  the 
spore  and  the  parasporal  body;  on  completion  of 
sporulation both are retained in an exosporium. 
Nutrient  Agar  Plates:  confluent  growth--growth 
abundant,  whitish,  non-adherent  with  numerous 
plaques.  Colonies--large raised colonies, smooth and 
dense,  creamy  white.  Segments  of  some  colonies 
lysed. 
Gelatin  Agar  Streak  Plate."  wide  zone  of  hydrolysis. 
Starch Agar  Plate:  wide zone of hydrolysis. 
Utilization  of  Citrate:  negative. 
C.  L.  ttANNAY  Fowler's  Bacillus  297 Lecithinase  (Egg  yolk  broth):  equivocal,  negative 
after 48  hours incubation at  32 °  ,  but  positive when 
given  a  further  48  hours  incubation  at  room  tem- 
perature.  (Method of McGaughey and Chu,  (18)). 
Sugar  Fermentation."  acid  from  glucose,  maltose, 
glycerol,  trehalose.  Acid  from sucrose questionable. 
No  acid  from  arabinose,  xylose,  mannitol,  salicin, 
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